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GEOHYDROLOGIC RECONNAISSANCE 
AND GROUNDWATER MODEL EVALUATION 
OF 


THE SAN SEBASTIAN MARSH AREA, 
IMPERIAL COUNTY, CALIFORNIA 


INTRODUCTION 





This report presents the results of a geohydrologic inves- 
tigation of the San Sebastian Marsh wetland area associated 
with the lower San Felipe Creek drainage area in Imperial County, 
California. The investigation was done under contract number 
YA-553-RFPO-29 for the U.S. Department of Interior, Bureau of 
Land Management, Denver, Colorado, under the Supervision of the 
Riverside, California District Office. 


The purpose of this investigation was to evaluate the geohy- 
drology of the lower San Felipe Creek drainage area in order to 
determine baseline conditions in the San Sebastian Marsh wetland 
area. The wetland area provides habitat for two species which 
are on the recommended sensitive species list (Mr. Duane Winters) 
U.S. Bureau of Land Management, Riverside District Office, 
personal communication). Future ground water development in the 
lower San Felipe Creek area for agricultural development or 
other uses may significantly affect the wetland area. There- 
fore, the ultimate objective of studying the geohydrology is to 
provide estimates of water level declines in the San Sebastian 
Marsh area resulting from projected pumping and to determine how 
the declines would affect the marsh. To assist the accomplishment 
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of this objective the construction, calibration, and verifica- 


tion of a ground water flow model is planned. 


This report presents the work accomplished in the first 
phase of this study of the geohydrology of the lower San 
Felipe Creek drainage area. The tasks performed in this study 
included: (1) an inventory, synthesis and interpretation of 
available geohydrologic data; (2) identification and mapping 
of the areal distribution of surface water and measurements 
of flowing springs in the San Sebastian Marsh wetland area; 
(3) identification and description of ground water flow models 
to provide predictions of the impact of proposed pumping; 

(4) identification and discussion of the practical boundary 
conditions for use in such a model; and (5) recommendations 
for additional data needed to calibrate the model and to better 
define the geohydrology of the lower San Felipe Creek drainage 


area. 


Geographical Context 


The San Sebastian Marsh wetland area is in Imperial County 
near the Salton Sea and is located near the intersections of 
Highways 86 and 78 as shown on Figure 1. The nearest city is 
Westmorland, . California, 15 miles to the southeast. Although 
the wetland area comprises only 11 sections in Township 12 
South, Ranges 10 and 11 East (T12S/R10E, R11E), the entire lower 
San Felipe Creek drainage area which covers an area comprised 
of T11S/R7E, R8E, R1OE and R11E; T12S/R7E, R8E, RSE, R10E and 
R11E; T13S/R9E, R1OE and R11E; and T14S/R10E, must be included 
in a hydrogeologic study. 


This area is composed of topographically complex alluvial 
Surfaces between the Peninsular Range to the west and the cen- 


tral Imperial Valley to the east. The elevations of the allu- 
vial surfaces range from 2000 feet at the foot of the Peninsu- 
lar Range to -200 feet near the Salton Sea. 
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Within the study area, the Fish Creek Mountains and 
Superstition Mountains are exposures of the pre-Tertiary base- 
ment complex of the main Peninsular Range (Loeltz, et al, 1975, 
p. K7). These outliers are rugged exposures as compared to 
the low lying hills, such as the Superstition Hills, which 
are composed of deformed Cenozoic sediments (Loeltz, et al, 


oir Dar he) 


The San Sebastian Marsh wetland area is within the flood 
plain of San Felipe Creek. To the west, the flood plain 
merges with the alluvial deposits of the Lower Borrego Valley. 
To the north and south, the floodplain merges with the dis- 
Sected lacustrine deposits (Superstition Hills to the south). 
To the southwest, the flood plain merges with West Mesa, an 
extensive alluvial slope. The marsh area is within an old 
lake bed of prehistoric Lake Cahuilla which has been modified 
by alluvial processes (McDonald and Loelitz, K76, p. 416). 


General Area Description 
Geology 


The stratigraphy of the study area is represented by a 
thick sequence of Cenozoic sediments on the pre-Tertiary base- 
ment complex of the Peninsular Range. The geology of the study 
area is shown on Figure 2 which is from Loeltz, et al (1975, 
Piate Vv). 


The basement complex exposed in the Peninsular Ranges and 
in various outliers, such as the Fish Creek Mountains and 
Superstition Mountain, is composed of plutonic granitic to 
gabbric rocks of early and late Mesozoic age which intrude 
Mesozoic and older metamorphic rocks (Leoltz, et al, 1975, 
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FIGURE 2. EXPLANATION OF GEOLOGIC MAP 


FROM: LOELTZ,ET. AL., 1975, PLATE I 


Alluvium 


Alluvial and deltaic sand, gravel, and silt. 
Includes some dune sand (stipple 
pattern) where generally less than 
about 10 feet thick 





Lake deposits 
Lacustrine silt, sand, and clay. Include 
the Brawley Formation of Dibblee 
(1954), exposed along the perimeter 
of the trough, and the deposits of 
Lake Cahuilla, exposed in the middle 
of the trough " 


: [on | 
‘ 
4 v 


Borrego Formation of Tarbet and 
Holman (1944) 

Lacustrine and brackish-water deposits; 
light-gray silt, clay, and sandstone; 
grades laterally into Palm Spring Forma- 
tion 





Windblown sand 
Well-sorted fine to medium sand, com- 
monly in high dunes and ridges, where 
more than about 10 feet thick. In- 
cludes Sand Hills (Algodones Dunes) 


Terrace deposits 
Thin pediment gravel and sand, formed 
mostly on the Palm Spring Formation; 
may grade into fans of older alluvium 


Palm Spring Formation 
Unconsolidated to weakly consolidated 
terrestrial deposits; light-brown sand, 
gravel, and silt; upper units may be 
equivalent in part to older alluvium 


a] 


Imperial Formation 


Shallow marine deposits; basal conglomerate overlain b YY gray, 
tan, and yellow siltstone, sandstone, and claystone; fossil- 


iferous 





Sedimentary rocks 
Mostly nonmarine coarse sedimentary rocks of several ages; 
include Split Mountain Formation (Miocene) of Tarbet 
: and Holman (1944), and its proposed revisions by Woodard 
: (1961) and Durham and Allison (1961); outcrops near the 
Chocolate Mountains are of Oligocene(?) age (prebasalt of 


Chocolate Mountains) 





Igneous and metamorphic rocks 


Intrusive rocks of granitic to gabbroic composition, meta- 
sedimentary gneiss, schist, and marble, and metavolcanic - 


rocks 





Older alluvium 

Older alluvial and fan gravel and sand, 
distinguished in most areas by a sur- 
face of desert varnish; near the Choco- 
late Mountains may be only a veneer 
on older sedimentary racks (Ts); in 
western Imperial Valley includes 
Ocotillo Conglomerate of Dibblee 
{1954} of Pliocene or Pleistocene age 


Canebreak Conglomerate of 
Dibblee (1954) 
Coarse silty conglomerate and sandstone; 
grades laterally into Palm Spring For- 
mation 
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Overlying the basement is a thick sequence of primarily 
non-Marine sediments ranging in age from Eocene to Holocene. 
The following descriptions of the Cenozoic units are from 
reports by Loeltz, Irelan, Robison and Olmstead (1975, p.K9- 
11) and Moyle (1968, p. 7-9). 


Tertiary deposits include the Eocene Maniobra Formation, 
a Marine conglomerate and breccia; the Miocene Alverson Ande- 
Site Lava; the Miocene Split Mountain Formation, a non-marine 
breccia; the Miocene Fish Creek Gypsum, a marine arenite;: and 
the Miocene to Pliocene Imperial Formation; a marine siltstone- 
claystone-sandstone with a basal conglomerate. 


Overlying the Imperial Formation is a sequence of Plio- 
cene to Pleistocene sediments: the Canebrake Conglomerate, 
the Palm Spring Formation and the Borrego Formation. The rela- 
tionships of all the sedimentary units above the Imperial For- 
mation are shown on Figure 3, adapted from Loeltz, et al (1975, 
Figure 5, p. K9). These three units represent a gradation of 
coarse fan deposits to fine-grained lake deposits; the Cane- 
brake Conglomerate is a cobble-pebble conglomerate, the Palm 
Spring Formation is composed of fluvial and deltaic Sandstone, 
Siltstone and claystone and the Borrego Formation is composed 
of fine-grained lacustrine siltstone and claystone. 


Overlying this sequence of Pliocene to Pleistocene sedi-- 
ments iS a younger sequence of coarse-to-fine-grained sedi- 
ments of Pleistocene age. The Borrego Formation is immediately 
overlain by older alluvium composed of coarse-grained, modera- 
tely consolidated and slightly cemented alluvial gravel and 
Sand, which includes the Ocotillo Conglomerate. The older 
alluvium grades into the Brawley Formation, which is composed 
of lacustrine silt and clay. In places, thin gravel and sand 


terrace deposits directly overlie the Palm Springs Formation. 
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Stratigraphic Relationships Of Upper 
Tertiary And Quaternary Units In The 
Study Area 
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Within the study area, the youngest surficial units are 
Holocene alluvium, which is composed of unconsolidated allu- 
vial and fluvial sand, gravel and silt, and Holocene lake 
deposits of Lake Cahuilla, which are composed of lacustrine 
Silt, sand and clay. The Quaternary lake sediments shown on 
Figure 2 include the Brawley Formation which is exposed in 
the low flanking Superstition Hills and the hills north of the 
marsh wetland area. 


The study area is on the western edge of the Salton Trough, 
a sediment-filled structural and topographic depression formed 
as a result of strike-slip displacement and cross-strike separ- 
ation related to sea floor spreading from the crest of the 
Maso Peet eLownise an theseult) of California (Loeltz, et al, 
1975 beh.) pn. tne study area, the major structural feature 
is the San Jacinto Fault Zone, one of three major right lateral 
fault zones related to the San Andreas Fault System (Dutcher, 
et al, 1972, p. 13). The San Jacinto Fault Zone trends south- 
east forming the northeast border of Borrego Valley and then 
splits into several subparallel faults including the Supersti- 
tion Mountain Fault, the Superstition Hills Fault and the 
inperte) “Fauvtethoeltz, et.al, 1975, %p: K7 and’ Dutcher,- et al, 
1972, p. 13). Faulting in the study area is shown on Figure 4. 
As shown, the trend of the San Felipe Hills Fault crosses 
through the San Sebastian Marsh wetland area, aligning closely 
to the Superstition Hillis Fault. Its strike through the wet- 
land area is close to the springs on San Felipe Creek and Fish 
Creek Wash and therefore the faulting is mostlike related to 
the occurrence of these springs. If faulting is present. through 
the younger sediments, it may create a partial barrier to the 
eastward movement of ground water. 


Hydrology 


The study area is drained by San Felipe Creek and its 
major tributaries, Fish Creek Wash and Carrizo Wash. The 
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confluence of these three drainages is within the boundaries 
of the San Sebastian Marsh wetland area. The surface drain- 
age area boundary for the San Felipe Creek - Fish Creek Wash - 
Carrizo Wash drainage system is outlined on Figures 5, 6, and 
? which show the precipitation, evapotranspiration and runoff 
over the drainage area. The surface drainage area of the San 
Felipe - Fish Creek - Carrizo Wash drainage system, approxi- 
mately one million acres, heads in the Peninsular Range on 

the west and is bounded on the north by the Santa Rosa Moun- 
tains, on the southeast by Superstition Mountain and the Super- 
Sstition Hills and on the northeast by the Salton Sea. 


The Peninsular Ranges form the topographic divide between 
the coastal basins of Southern Califomia and the Salton Sea 
Basin, which is the southernmost extension of the Great Basin 
Province (Hely and Peck, 1964, p. B2). They also form a 
Climatic divide separating the mild, Mediterranean type climate 
characteristic of the coastal area from the hot, dry climate 
characteristic of the desert areas in the Great Basin (Hely and 
Peck, 1964, P, B2). The average annual air temperature in the 
Imperial Valley is about 70°F and the average annual precipi- 
tation in the study area ranges from about 3 to 8 inches per year 
(System Development Corporation, 1979, p. I-42). 


The northerly-flowing San Felipe Creek emerges from the 
Fish Creek Mountains, cuts across the northwest-southeast 
trending Borrego Mountain and then makes a sharp bend to the 
Southwest at the confluence with the surface drainage from 
Borrego Valley to the west. It is possible that the San Felipe 
Creek drainage was captured by a drainage flowing to the south- 
east, north of Borrego within the San Jacinto fault zone. A 
tributary to this drainage may have cut through Borrego Moun- 
tain along a southwest trending fault (other southwest trend- 


ing faults in Borrego Mountain are shown on Figures 2 and 4) 
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and captured the San Felipe Creek surface drainage. The 
original San Felipe Creek drainage would thus have been to 
the southeast towards Ocotillo Wells south of Borrego Mountain. 


Within the study area, the San Felipe-Fish Creek-Carrizo 
drainage system is characterized by ephemeral stream courses. 
The mountainous headwaters of the streams Support perennial 
flow. When the stream courses reach the alluvial basin, infil- 
tration to the ground water body causes a decrease in flow 
until the drainages become ephemeral, with the water table far 
below the ground surface (Hely and Peck, 1964, p. Bll). 

Because of this change from perennial to ephemeral conditions, 
a large percentage of the recharge to the alluvial ground water 
basin should occur from infiltration of surface flow along the 
more permeable fringes of the basin. Within the study area, 
except within the San Sebastian Marsh wetland area, the streams 
flow only in direct response to precipitation. 


Within the San Sebastian Marsh wetland area near the con- 
fluences of Fish Creek and Carrizo Washes with San Felipe 
Creek springs provide perennial surface flow to San Felipe 
Creek, for a downstream stretch of almost four miles. This 
perennial flow provides the habitat for the wildlife in the 
wetland area. 


The sequence of Quaternary sediments described previously 
form the principal ground water reservoir. The coarser 
Sediments in the western part of the study area such as the 
Ocotillo Conglomerate, the older alluvium and the Holocene 
alluvium can be expected to provide more production than the 
finer-grained sediments nearer the Salton Sea, such as the 
Brawley Formation and the Holocene lake sediments. However, 
the lacustrine sediments can be expected to store and transmit 
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Some water. Because of their large areal distribution they are 


an important part of the ground water basin. 


METHODOLOGY AND SCOPE 





Available data has been collected and has been used to 
obtain the hydrologic parameters necessary to develop a base- 
line evaluation of the geohydrology of the lower San Felipe 
Creek drainage area under present conditions. 


A field investigation was undertaken to determine location 
and extent of surface waters within the San Sebastian Marsh 


area. 


The characteristics of different types of digital ground 
water models were examined in detail to determine their suita- 
bility for application to the San Sebastian wetlands area. 


Geohydrology 


Well Data Assessment 





An assessment of the ground water basin and determination 
of the characteristics of the aquifer(s) was made by canvassing 
available well data. Published references including Bradshaw 
and Donnan (1952), Burnham (1954), Moyle (1968), Werner and 
Olson (1970), Loeltz, et al (1975) and Hardt and French (1976) 
provided most of the data. Unpublished information from the 
California Department of Water Resources, Coachella Valley Pump 
and Supply, Inc., and a study of Ranch Oasis done by Koebig and 
Koebig (1970) has also been used. The following organizations 
were also contacted to gather available information: 


- State of California, Department of Water Resources, 
Southern District Office, Los Angeles, California 
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- U.S. Geological Survey, Water Resources Division, 
Lower Colorado River Project, Yuma, Arizona 


- State of California, Regional Water Quality Control 
Board, Colorado River Basin Region, Palm Desert, 
California 


- County of Imperial, Engineering Department, El Centro, 
California 


> imperial Irrigation District, Water Engineering 
Department, Imperial, California 


. U.S. Department of Agriculture, Soil Conservation 
Service, El Centro, California 


- Coachella Valley Pump and Supply, Inc., Indio, 
California 


The types of well data used in this study consist of: 
(1) well locations and elevations, (2) lithologic logs, (3) 
well design information, (4) well test measurements, (5) water 
level measurements, (6) geophysical logs, and (7) water quality 
analyses. 


The lithologic logs were examined to identify the thich- 
ness and lateral extent of distinct aquifer zones. Stratigra- 
phic intervals of coarser grain size were selected as probable 
aquifers and an attempt was made to correlate these intervals 
between wells. It is apparent that more than one aquifer is 
present in the vicinity of the Ranch Oasis Wells (T12S ROE, 
Sections 22, 23, 25 and 26). Up valley in the drainage area 
the deeper, confined aquifer(s) become unconfined and open to 
recharge. The lithologic logs of the wells in the western part 
of the drainage area were used to determine where recharge is 
occurring to all the aquifers. The lithologic material which 
comprises the aquifers has also been used to quantify the 
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Production tests have been made on some of the wells in 
the study area. The records of testing of the Ranch Oasis 
Wells have been especially well documented. The productivity 
of the wells has been evaluated with respect to the interval 
perforated in the well to quantify the productivity of dif- 
ferent aquifers. 


Water level measurements are available for most of the 
wells in the study area. These data have been used to deter- 
mine movement of the ground water. When correlated with the 
depth of the well and the interval perforated, the water levels 
were used to identify different aquifers. Water level records 
have also been used to estimate water level decline. 


Geophysical studies in the Imperial Valley have been made 
primarily in the geothermal areas southeast of the Salton Sea. 
No reference was found to any surface geophysical studies in 
the lower San Felipe Creek area. Some of the Ranch Oasis wells 
and two wells drilled by the U.S. Geological Survey, LCRP19 
and LCRP 8 have had downhole geophysical logs made. These data 
were used in aquifer identification. 


Results of water quality analyses have been included in 
this report. This study has not made an in-depth evaluation 
of water quality except to aid aquifer identification. Future 
evaluation of the impact of ground water development in the 
study area must consider water quality changes. Therefore 
available water quality data have been included in this report. 


Aquifer Recharge, Discharge and Storage 


In order to determine aquifer recharge, discharge, and 
Storage, an average annual water budget was made. To assess 
the water budget, the inflows are balanced against outflows 
with the residual equal to change in ground water storage. 
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The major inflow to the study area is precipitation which 
falls on the surface drainage area of the San Felipe - Fish 
Creek - Carrizo drainage system. Hely and Peck (1964, p. B2-B6) 
made a determination of average annual precipitation over the 
entire Salton Sea Basin drainage area and presented the results 
as an isohyetal map in their report. Figure 5, the average 
annual precipitation over the San Felipe Creek drainage area 
was adapted from Plate 3 of this report. The total volume of 
average annual precipitation was determined by multiplying 
the surface area within the San Felipe Creek drainage boundary 
by the amount of precipitation. This was done by dividing the 
drainage basin into subareas of equal average annual precipi- 
tation multiplying the surface area of each subarea by its 
value of precipitation and summing all the subareas. 


Most of the precipitation total will be lost to evapo- 
transpiration, which in a hot, arid climate equals a high per- 
ceritage of the precipitation. Hely and Peck (1964, p. B1l5-B16) 
made a determination of average annual actual evapotranspiration 
over the entire Salton Sea Basin drainage area and presented 
the results on a contour map showing lines of equal evapo- 
transpiration. Figure 6, the average annual actual evapo- 
transpiration over the San Felipe Creek drainage area was 
adapted from Plate 7 of Hely and Peck (1964). The volume of 
water in the budget which is lost to evapotranspiration was 
calculated by dividing the drainage basin into subareas of 
equal evapotranspiration, multiplying the surface area of each 
Subarea by its value of evapotranspiration and summing all 
the subareas. 


The calculated volume of average annual actual evapo- 
transpiration was subtracted from the calculated volume of 
average annual precipitation. The residual is the amount of 


water available for surface flow and infiltration to the ground 
water. 
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FIGURE 5 
PRECIPITATION 
OVER THE SAN FELIPE CREEK 
DRAINAGE AREA 
“IMPERIAL AND SAN DIEGO COUNTIES, CALIFORNIA 
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FIGURE 6 
ACTUAL EVAPOTRANSPIRATION 
OVER THE SAN FELIPE CREEK 
DRAINAGE AREA 
IMPERIAL ANO SAN DIEGO COUNTIES, CALIFORNIA 
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The amount of runoff which will occur over the entire 
San Felipe Creek drainage area was determined by Hely and 
Peck (1964, p. Bll-B15). The method of runoff determination 
used relates direct runoff to precipitation intensity and 
Soil type (Hely and Peck, 1964, P. Bl1-Bl4). Figure 7, the 
average annual runoff over the San Felipe Creek drainage area, 
was adapted from Plate 5 of Hely and Peck (1964). Ina 
manner Similar to the precipitation and evapotranspiration 
determinations, the volume of runoff over the San Felipe 
Creek drainage area was calculated. This volume is a measure 
of the total amount of direct runoff which occurs locally 
Within the watershed. It does not equal the amount of runoff 
which would be gaged at the mouth of San Felipe Creek because 
according to Hely and Peck (1964, P. Bll), no allowance has 
been made for stream depletion and infiltration to the ground 
water. 


To determine the amount of surface flow which will infil- 
trate to the ground water, the average annual runoff on San 
Felipe Creek, which was measured at a gage near the intersec- 
tion of Highways 86 and 78, was subtracted from the calculated 
volume of runoff determined over the entire drainage area of 
San Felipe Creek. The amount of infiltration to the ground 
water Should comprise nearly all of the recharge to the 
aquifers in the study area. Most of this aniiitratvon 1s 
expected to occur along the edges of the alluvial basin where 
the streams enter the basin from the mountains. This is the 
area of major recharge for all the aquifers. 


Recharge to the uppermost aquifer will also occur due to 
direct infiltration of precipitation, surface flow after storms, 
surface flow from springs and applied irrigation water in the 
central part of the basin near and within the San Sebastian 
Marsh wetland area. Since precipitation is small in the cen- 
tral part of the basin and since relatively little agricultural 
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FIGURE 7 
SURFACE RUNOFF 
OVER THE SAN FELIPE CREEK 
ORAINAGE AREA 
“IMPERIAL AND SAN DIEGO COUNTIES, CALIFORNIA 
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development occurs at present, this amount of recharge is 


—————— 4 


assumed to be negligible and not considered in this study. 


Most of the outflow from the basin occurs as subsurface : 
flow which discharges to the Salton Sea across the eastern 
border of the study area. This amount can be calculated by 
Darcy's Law. Expressed mathematically, Darcy's Law is: 


Q = TiW 


Where: = subsurface outflow 


@ 
tf = transmissivity of the aquifer material 
1 = hydraulic gradient 

W = width of the saturated material at point 


of measurement 


The transmissivity has been determined by other workers from 
tests of some of the wells in the study area. The hydraulic 
gradient has been determined by the slope in the water sur- 
face between wells along the direction of major flow. 


Under long term average conditions with no change in 
ground water storage, the value of subsurface outflow should 
equal the amount of recharge which reaches the ground water 
body. 


The amount of ground water in storage within the study 
area was determined by the specific yield method. The average 
thickness of aquifer material is multiplied by the surface 
area of the study area within the considered boundaries of 
the main ground water basin. This volume is then multiplied 
by a representative specific yield for the aquifer material 
to give the volume of ground water in storage. 


Surface Hydrology 


A field investigation of the surface water in the San 
Sebastian Marsh wetland area has been made on two occasions | 
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approximately three months apart. During both on-site inves- 
tigations, the areal distribution of standing and flowing 
surface water was mapped. The stream bottoms were examined 
from the sites of the first appearance of surface water near 
the mapped springs to the downstream point where flowing 
surface water disappeared. Surface flow measurements were 
made on Carrizo Wash and San Felipe Creek at the confluence 
of these two drainages. 


An investigation of the Harper's well site was also made. 
Surface water at this site is supported by flow from a well 
casing in the stream bottom. The amount of flow from the 
casing was measured by bailing the water out of the casing 
until the water level was lowered to a specified point and 
then measuring the time required for the water level to recover 
to the top of the casing. 


Identification of Ground Water Models 


thematical ground water models provide a simplified 
description of aquifer behavior. Such models are useful as 
an aid in obtaining aquifer characteristics and may be used 
as a predictive tool to simulate aquifer response to imposed 
stresses. 7 


The continuous function of ground water flow is described 
by a partial differential equation which relates change in 
hydraulic gradient to change in flow over time. The equation 
is based on conservation of mass expressed as a water budget 
and conservation of momentum expressed as Darcy's Law. 


The two-dimensional flow of confined ground water can be | 
expressed by the following partial differential equation 
(Trescott, 1975, p. 4): 
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sd & (2w S)- W(x,y,t) = ay 


= components of the transmissivity 
= head 
= storage coefficient 


th 

h 

S 

W = source or sink term 
y = cartesian coordinates 
+ 


= time 


In this equation the terms on the left side are the difference 
in flow in and out of the control volume and the term on the 
right side is the change in storage rate (Mercer and Faust, 
1980b, p. 214). The source term (W) includes well discharge, 
induced infiltration from streams, leakage from confining beds, 
recharge from precipitation, and evapotranspiration (Trescott, 
et al, 1976, p. 4). If the aquifer under consideration is un- 
confined, then the transmissivity terms are changed to permea- 
bility times aquifer thickness (Kb) to account for the parameter 
changing as the water level is lowered (Trescott, 1975, p. 4), 


With a multiple layer case such as the San Sebastian 
Marsh area, the confining layer can be treated in a number of 
ways. If storage in the confining layer is insignificant and 
horizontal flow is significant, then the confining layer is 
treated as a layer of nodes. If storage in the confining 
layer is significant, then more than one layer will be neces- 
sary to simulate the confining layer. If storage and horizontal 
flow in the confining bed are insignificant, then vertical 
flow through the confining layer can be treated by incorporating 
a vertical component of permeability with the adjacent aquifers 
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(Trescott, 1975, p. 28). The term listed below is added to 
the left side of the previous equation in this case (Mallory, 
i122 ta Ub ear a be 


i] 
arrears cas et 
Where: K' = vertical permeability of the confining layer 
b’' = thickness of confining layer 


(h-h') = difference in head between the adjacent aquifers 


For larger areas with irregular boundaries and varying 
aquifer characteristics, the area is subdivided into sub- 
areas. The continuous partial differential for each subarea 
is approximated by an algebraic equation in which the variables 
are defined at specific points. The resulting set of N equa- 
tions in N unknowns, including boundary conditions and initial 
values, can then be simultaneously solved using matrix methods 
on a computer. 


The procedure for working with a ground water model 
includes: 
1. choosing the technique, 
2. construction of the model, 
3. data collection, 
4, model calibration, 
5. model verification, 
6 


» prediction. 


Choosing the Model 


The choice of model depends on such factors as the 
objective of the study, complexity of the study area, degree 
of accuracy required, the amount of data available, the 
amount of computer storage and time available, and the pre- 


ference of the modeler. 
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The two basic approaches are the finite-difference method 
and the finite-element method. The finite-difference method 
approximates the partial differential equations with a differ- 
ence approach and the finite-element method approximates the 
partial differential equations with an integral approach. 


With the finite-difference method, three types of grid 
can be used. Two types utilize a rectangular grid with either 
mesh-centered or block-centered node points. The node point 
is the position within each subarea which represents the un- 
known values over the entire subarea. In mesh-centered grids, 
the node points are at the intersection of the grid lines and 
in block-centered grids. the node points are centered between 
grid lines. According to Faust and Mercer (1980, p. 396), 
the mesh-centered grid is more convenient when considering 
constant head boundary conditions and the block-centered grid 
is more convenient when considering constant flux boundary 
conditions. The coordinate axes for the grid should be oriented 
so that they are parallel to the direction of maximum ground 
water flow. The third type of grid is an arbitrary grid where 
node points are selected and polygons constructed around them 
according to the Thiessen method (Tyson and Weber, 1964). The 
polygenal grid requires more careful construction than the 
rectangular grids and requires more input data into the model. 
However, the polyganal grid allows greater geometric flexi- 
bility on the areal shape of the aquifer and allows greater 
concentration of nodes in areas with more data. 


The finite-element method approximates the dependent 
variables in terms of interpolation functions which are defined 
over a finite number of subdomains by low-order polynomials 
(Faust and Mercer, 1980, p. 398). The region is divided into 
Subregions called elements whose shapes are determined by sets 


of node points. The elements can have various shapes so that 
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regions of complex geometry are easily accomodated. The 
irregular spacing of node points used in this method 
results in the ability to use fewer nodes than the finite- 
difference mesh grids. 


Faust and Mercer (1980, p. 404-405) made the following 
points in comparing the finite-difference and finite-element 
methods: (1) the theoretical basis of the finite-difference 
method is straightforward and easy to understand and the theo- 
retical basis of the finite-element method is advanced and 
more abstract; (2) the finite-difference method is relatively 
easy to program and the finite-element method is relatively 
difficult to program; (3) the finite-difference mesh grid is 
Simple to design with easy grid parameter input, the finite- 
difference polyganal grid is more difficult to design with 
more grid parameters to input, and the finite-element grid 
design and parameter input are difficult and prone to errors 
which are hard to find; (4) the finite-difference mesh grid 
can not approximate complex boundary geometry and the finite- 
difference polyganal grid and finite-element grid can approxi- 
mate complex boundary geometry; (5) the finite-difference method 
has lower order approximations and may have lower accuracy and 
the finite-element method has higher order approximations and 
may have higher accuracy; and (6) the finite-difference method 
can not evaluate cross-product terms and thus can have grid 
orientation effects (different solutions based on grid orien- 
tation) and the finite-element method can easily handle 
cross-product term, tensor parameters. 


With both methods the set of equations for all the nodes 
are combined to form a matrix equation with N equations and 


N unknowns where N is the number of nodes. The matrix equation 


can be solved by one of two basic techniques, the direct method 
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and the iterative method (Faust and Mercer, 1980, p. 399). The 
direct method performs the sequence of operations once to pro- 
vide an exact solution. With the iterative method, an initial 
guess is made for the dependent variable and then an iterative 
process of successive approximations is made until an error 
criterion is attained. The main disadvantage to the direct 
method is that it requires more computer storage and computer 
time while the iterative method is more efficient for computer 


USE. 


Constructing the Model 


The initial step in subdividing the study area is to 
select the boundaries. These boundaries are either physical 
or convenient. The boundary conditions include the geometry 
of the boundary and the values of dependent variables perpen- 
dicular to the boundary (Mercer and Faust, 1980b, p. 218). 
Types of boundary conditions include constant head, no flow 
(impermeable), constant flux or variable dependent flux. If 
a boundary of convenience is chosen it should be far enough 
away from the area of aquifer to be simulated, that no effect 
on the area of interest can occur due to activity at or out- 


Side the boundary. 


Once the boundaries have been selected, the area within 
the boundaries is subdivided with a grid network. The size of 
the gridded subareas depends on the existing data and the 
required detail desired in the predictions. The aquifer para- 
meters and head are specified for each node and are considered 
constant over the subarea. 


When designing the grid network, certain principles to 
observe are (Trescott, et al, 1976, p. 31): 


=] 9s 
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nodes in subareas which contain pumping wells should 
be located near the physical location of the well 
or the center of the well field, 


boundaries should be located accurately, 


the grid spacing should be designed so that more 
intensively placed subareas cover physical areas where 


_dlarge differences in transmissivity or hydraulic head 


are anticipated, 


axes of the grid should be oriented with the major 
direction of anisotrapy. 


Data Collection: 


Input data needed are: 


1. 


estimates of transmissivity and storage coefficient 
for each node, 


thickness of the aquifer at each node, 
the water budget for each node, 
initial values for hydraulic head at each node, 


boundary values for constant head and constant flux 
nodes. 


Model Calibration 


The model is first run to simulate steady state flow 


with no change in storage. This is done to assure that the 


program is running correctly, to refine the estimates for 


the aquifer parameters and to test the accuracy of the boundary 


conditions. 
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Verification 


After calibration is completed, a set of historic data 
is used to simulate changes in hydraulic head at each node. 
The verification period will often depend upon the period of 
historic data available. Differences between computed and 
actual heads may necessitate modification of the input para- 
meters. When the model simulates historic water level data 
to the degree of accuracy desired, the model is said to be 
verified. 


Prediction 


Once verified the model can be used to simulate response 
in water levels throughout the aquifer to imposed stresses. 
The period of prediction should not exceed twice the period 
of verification (Mercer and Faust, 1980, p. 115). Changing 
field conditions will make predictions unreliable unless the 
model is adapted to those conditions. 


Identification of Additional Data Requirements 


Additional data needed for future geohydrologic study of 
the San Sebastian Marsh wetland area and the entire lower San 
Felipe Creek drainage area include input data needed for a 
model and data needed to better understand the geohydrology 
of the area. 


Each node in the model grid needs the following input 
data: aquifer parameters, nodal dimensions, historic water 
levels for verification, and aquifer recharge or discharge. 

The boundary conditions for the boundaries also need to be 
specified. The study is further complicated by the presence of 
at least two aquifers separated by a confining layer. Aquifer 
parameters necessary for input for each aquifer are trans- 


missivity, storage coefficient and saturated thickness. The 
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thickness, and vertical permeability and ability for storage 
for the confining layer are also needed. Records of well 
pumpage, precipitation and streamflow are needed to evaluate 
aquifer recharge and discharge. Boundary conditions will be 
an important consideration. The areal aquifer size for the 
Study area is very large and most of the boundaries are not 
well known with available data. 


Additional future data on the surface water in the San 
Sebastian Marsh will be needed to evaluate the fluctuation in 
areal distribution of surface water seasonally and from year 
to year. 


Much of the study area has very little or no well informa- 
tion and the movement of ground water throughout the entire basin 
is not completely understood. The depth to the base of the 
aquifers and the number of discrete confined aquifers are not 
known at this time. Also the effect of faulting on the move- 
ment of ground water in the marsh area needs further study. 


RESULTS 


Geohydrology 


The discussion of the geohydrologic results of this study, 
more specifically the lithology, well production tests, geo- 
physical measurements, and water level measurements are based 
on well data collected from 108 wells in the study area. The 
location of the wells are shown on Figure 8. The well number- 
ing system used in this report is that used by the U.S. Geolo- 
gical Survey and is shown in Appendix 1. Well information is 
presented in Appendices 2, 3, 4 and 5. 


-22= 


ae 


Lithology 


The subsurface lithology of the ground water basin in 
the study area has been evaluated by studying driller's logs 
of 29 wells which are presented in Appendix 4. Of the 29 
wells which have lithologic logs, 17 wells are in the western 
portion of the study area where the major recharge to the 
aquifers occurs (T11S/R7E and T12S/R8E). Eight of the wells 
are in the Ranch Oasis Area west of the San Sebastian Marsh 
(T12S/R9E - Sections 22, 23, 25 and 26). Of the remaining 
4 wells, two of the wells are between the San Sebastian Marsh 
and the Salton Sea (T12S/R11E - 1831 and 36K1), one of the 
wells is north of the marsh in the Quaternary lacustrine sedi- 
ments (T11S/R10E - 35N1) and the fourth well is south of the 
marsh in the West Mesa area (T14S/R11E - 32R1). 


The lithology of the subsurface material in the Lower 
Borrego Valley which comprises the western part of the study 
area, and forms the recharge area for the aquifers is pre- 
dominantly coarse grained material, sand and gravel. The litho- 
logic logs of the wells in T12S/R8E show 80-95% sand and gravel 
and 5-20% clay and silt. Since no thick clay layers are indi- 
cated in the driller's logs, it appears from the lithologic 
evidence that the aquifer penetrated by these wells is uncon- 
fined. It should be noted, however, that all of the wells 
except one are less than 325 feet deep and granitic basement 
was not noted on any log. Therefore a deeper confined aquifer 
may be present in the recharge area. The predominance of 
coarser material in the wells in the Lower Borrego Valley 
should allow sufficient infiltration and recharge for the 
deeper, confined aquifers in the marsh area. 


The lithology of the subsurface material in the area in 


and around the San Sebastian Marsh is shown by the logs of 
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the Ranch Oasis wells and the U.S. Geological Survey wells at 
the eastern border of the marsh. Alternating layers of clay 
and sand were shown in the logs. The stratigraphic relation- 
Ships of these wells is shown on Figure 9. The wells range 
in depth from 445 to 1250 feet. All of the well logs show 
a surface layer of sand to a depth of about 120 feet, ranging 
from 75 to 180 feet. This layer most likely represents the 


upper, unconfined aquifer in the marsh. 


Beneath this surficial layer is a thick layer mainly of 
clay. Its thickness averages about 200 feet and extends to 
a depth of about 300 feet. This clay unit seems sufficiently 
thick and pervasive enough to form a confining layer for a 
deeper aquifer(s). Below the clay layer is a layer of sand 
which is underlain by alternating layers of clay and sand. 
Since several layers of sand separated by clay are present 
below the initial confining clay layer, it is probable that 
more than one deep confined aquifer exists in the study area. 
As shown on Figure 9, all of the wells are perforated below 
the upper, unconfined aquifer and many of the wells are per- 
forated over more than one deeper sand layer. It is difficult 
therefore to determine how many confined aquifers are present 
with the well information which we have at the present time. 


The lithology of the West Mesa area can be determined 
from the log of only one well, U.S. Geological Survey Well 
LCRP8 (14S/11E - 32R1). As shown on Figure 9, the subsurface 
materials are alternating layers of sand and clay. Without 
other well logs for comparison, it is not possible to evaluate 
whether the upper clay layer is a confining bed as in the San 
Sebastian Marsh area. 


Well Tests 


The productivity of the aquifers in the study area has 
been evaluated by studying the results of well tests from 31 
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wells. The data are presented in Appendix 2. Of the 31 welis 
which have well test information, 19 wells are in the recharge 
area, the Lower Borrego Valley (T12S/R8E) and the eastern 
Borrego Valley (T11S/R7E and T12S/R7E). Ten of the wells 

are in and around the San Sebastian Marsh, eight at Ranch 
Oasis and two at the eastern border of the marsh. Of the 
remaining two wells, one is in the hills north of the marsh 
area (T11S/R10E - 35N1) and the other is in the West Mesa area 
south of the marsh (T14S/R11E - 32R1). One measure of the 
productivity of a well is the specific capacity, which is the 
production rate divided by drawdown. It is preferable to 
compare specific capacity among wells in order to assess pro- 
ductivities of the aquifers. However, not all of the well 
tests reported drawdown. 


The wells in the Lower Borrego Valley range in production 
from 30 to 1300 gallons per minute. Of the well tests repor- 
ted, only three have drawdown data. These wells have produc- 
tion rates of 220, 400 and 1000 gallons per minute with 
specific capacities of 31, 33 and 250 gallons per minute per 
foot of drawdown. As discussed previously, it appears that 
these wells are producing from an unconfined aquifer which 
provides recharge to the uppermost confined aquifer in the 
marsh area. From the well tests it appears that wells penetra- 
ting the upper aquifer in the Lower Borrego Valley produce 
from 30 gallons per minute per foot of drawdown to as much as 
250 gallons per minute per foot of drawdown with production 
rates of 400 to as much as 1000 gallons per minute or more. 


The wells in the San Sebastian Marsh area are shown on 
Figure 10. Information from ten wells which have well tests 
are on the figure. The eight wells in the Ranch Oasis area 
range in production from 1400 to 3700 gallons per minute with 


specific capacities ranging from 23 to 176 gallons per minute 
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per foot of drawdown. All of these wells are producing from 
the confined aquifer(s) below the uppermost confining :clay 
layer as shown on Figure 9. The U.S. Geological Survey well 
(LCRP19 and 19A) at the eastern border of the marsh area was 
completed in two sections, one in the upper unconfined aquifer 
above a depth of 100 feet and the other in the confined 
aquifer(s) below a depth of 300 feet, as shown on Figure 9. 
The lower section produces 200 gallons per minute with a 
specific capacity of 50 gallons per minute per foot of draw- 
down. The upper section produces 45 gallons per minute with 
a specific capacity of five gallons per minute per foot of 
drawdown. 


Wells producing from the confined aquifer(s) in the San 
sebastian Marsh area are capable of producing about 100 gallons 
per minute per foot of drawdown with production rates of a 
few thousand gallons per minute. If the surface water in 
the marsh area is due to faulting across the San Felipe Creek 
floodplain a partial barrier to ground water flow may be pre- 
sent between the Ranch Oasis wells and the U.S. Geological 
Survey well near the intersection of the highways. If a par- 
tial barrier exists, production rates from wells east of the fault 
would be expected to be less. Well LCRP19 has a specific 
capacity less than the average of the Ranch Oasis welis but 
certainly within the range of those wells. Therefore, if 


faulting is present it may not form a very significant barrier. 


The upper portion of the U.S. Geological Survey well, 
LCRP19, is the only well in the marsh area which provides 
production information on the upper, unconfined aquifer. The 
productivity of the upper aquifer with a specific capacity 
of five gallons per minute per foot of drawdown is shown to 


be substantially less than the confined aquifer(s). 


mk Se 





—- Aa 
ne 
, 

























Ar he de a 
y 7 ‘ err. 
” ‘“ 

‘ 

Se 

Be 
| a! 
ht i 
at 
a) 
J \ , ’ 
vie f v i ¥ : os ca A 4 , ») 
if!) + pant lao tg eet) oi ah ¢ cud i Lease Ah 
Wy ve ves it be Ae Aaa, ; rie iy rc iG Ope mere le Tee Ta 
‘ é ig rh , a a! 4 ) ths : ee 
| ] . g . at) ‘a 
| Doge, is sft Bee ty oe Marre Com Pid 

Le r NG or a pas 
! t j ; 
‘ . 


phase i: oe ’ hho 


sae 


a? i! 
ay 
ey 
oe 
ar 





mn 
ae 


The productivity of the West Mesa area can be estimated 
from the test data of only one well, U.S. Geological Survey 
Well LORP8. This well produces 250 gallons per minute with 
a specific capacity of 18 gallons per minute per foot of 
drawdown. As shown on Figure 9, this well produces from 
beneath a layer of clay but the water level is not higher 
than the bottom depth of the clay. Therefore, this well may 
not be producing from a confined aquifer. With evidence from 
only one well, it appears that the West Mesa aquifer pene- 
trated by well LCRP8 is capable of less production than the 
confined aquifer penetrated by the wells near San Sebastian 
Marsh. 


In addition to production and drawdown collected from 
Various references and shown in Appendix 2, Loeltz, et al. 
(1975, p. K17) presented transmissivity and permeability 
values determined from pumping tests of four wells, the U.S. 
Geological Survey wells LCRP19, LCRP19A and LCRP8 and one of 
the Ranch Oasis wells, T12S/R9E - 22A2. Wells LCRP19 and T12S/ 
ROE - 22A2 test the lower confined aquifer in the marsh area, 
Well LCRP19A tests the upper unconfined aquifer in the marsh 
area and LCRP8 tests the aquifer in the West Mesa area. The 
results of these tests are presented below: 


Interval Transmissivity Permeability 
Well Pested=ft <n epd/fts i) _tgps/fte 


- T12S/R9E-22A2 285-667 290,000 760 
LCRP19 310-650 100,000 300 
LCRP19A 35-55 37,000 1800 
LCRP8 135-560 130,000 480 


Geophysical Measurements 


Geophysical data for the study area consists of geophy- 
Sical logs in six wells. Written summaries of resistivity 
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and self potential logs were obtained from Koebi and Koebig, 
Inc. (1970, Table A-1) and Coachella Valley Pump and Supply, 
Inc. for four of the Ranch Oasis Wells, T12S/R9E - 22A2, 22A3, 
25Fl and 26D1 (Ranch Oasis Wells 1, 3, 4 and 6). Resistivity, 
Self potential, gamma ray and temperature log plots for the 

U.S. Geological Survey Wells LCRP19 and LCRP8 are from Loeltz, 

et al (1965, Plate 2). All of these data are presented in 
Appendix 6. The logs show alternating layers of high and low 
resistivity corresponding to the alternating sand and clay layers 
observed in the lithologic logs. 


Ground Water Level Elevation Records 





Figure 11 shows a ground water level elevation contour 
map for the study area from water level measurements made 
in 1968. Most of the wells were measured in 1968 and thus 
afforded the most recent year for constructing a water level 
contour map. A total of 74 wells have at least one water 
level measurement. Water level data are presented in Appendix 
'2, and wells which have more than one measurement have all 


water level data presented in Appendix 3. 


Water levels measured in the wells in the Ranch Oasis 
and San Sebastian Marsh areas are from the lower, confined 
aquifer. Water levels in the Lower Borrego Valley are from 
the upper, unconfined aquifer. As stated in the section 
on Lithology, the wells in the Lower Borrego Valley do not 
Show any evidence of a confining clay layer. It is 
probable that the confined aquifer has limited extent to the 
west. Since no evidence of a lower confined aquifer exists in 
the Lower Borrego Valley, the confined aquifer in the study area 
probably begins near the western border to T12S/R9E. As 


stated previously, the western recharge area for the confined 
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aquifer in the San Sebastian Marsh area is the Lower Borrego 
Valley. Not enough well data exist to determine the southern 
limits of the confined aquifer, however, the U.S. Geological 
Survey well LCRP8 in West Mesa appears to be unconfined, which 
indicates that the southern limit of the confined aquifer is 
Somewhere north of this well. 


As shown on Figure 11, the water level contours continually 
decrease from west to east indicating subsurface flow which 
generally parallels the flow of San Felipe Creek and its tri- 
butaries. The Lower Borrego Valley has very good well control 
in T12S/R8E and, as shown, the movement of the ground water is 
from north to south in the northern half of the township. The 
movement then is to the southeast and out into the San Felipe 
Creek floodplain area. Indicated major directions of ground 
water movement are shown by solid lines on Figure 11. 


In the West Mesa area, four wells have nearly the same 
water level elevation, about 30 feet. The elevation is more 
thm 100 feet higher than in the marsh area and therefore water 
movement may occur from the West Mesa area to the north. How- 
ever, there are no other water level data in T13S/R10E and 
TI4S/R10E therefore the existance of a ground water divide must 
still be considered north of the four wells in the southeast 
corner of T14S/R10E. Since the surface water divide between 
Carrizo and Coyote Washes is southeast of these wells, such a 
ground water divide is most likely coincident with the surface 
divide. Verification of this interpretation would need addi- 
tional study. The interpreted ground water divide shown on 
Figure 11 forms the southeast border of the ground water basin. 
It should be noted that the ground water divide shown on 
Figure 11 is very near the ground water divide shown on a 
water level contour map by the U.S. Geological Survey (Loeltz, 
OCS Wir tates di). 
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As shown on Figure 11, a ground water divide is present 
through the group of wells in the western half of T11S/R7E 
and T12S/R7E. The divide is situated west of San Felipe Creek. 
As stated in the Hydrologic Setting Section of the report, it 
appears that the surface drainage has been captured. The ground 
water drainage, however, may still flow from west to east south 
of Borrego Mountain. Therefore the indicated ground water 
divide shown on Figure 11 may be the true divide between the 
San Felipe Creek and Borrego Valley ground water drainages 
at least south of Borrego Mountain. As shown on the U.S. Geo- 
logical Survey topographic maps, Borrego Mountain and Borrego 
Sink Quadrangles (1960, 1:24,000), the surface drainage from 
Borrego Sink flows to the east and intersects with San Felipe 
Creek north of Borrego Mountain where San Felipe makes a sharp 
bend to the east. According to Moyle (1968, p. 4) surface and 
Subsurface flow from Borrego Valley spills out from Borrego Sink 
and flows to the east into Lower Borrego Valley. This interpre- 
tation needs to be verified with further work. At the present 
time, the divide shown on Figure 11 seems to be a practical 
western boundary for the ground water basin in the study area. 


Water level elevations have been measured in the study 
area Since the early 1950's. Some wells have more than two 
measurements so that estimates of water level decline can be 
made. Of the wells with multiple measurements most have mea- 
surements in the early 50°s and again in the mid 60's. In the 
lower Borrego Valley, 14 wells have measurements separated 
by 10-15 years. These wells-declined an average of 11 feet 
with two wells showing maximum declines of 57 and 34 feet. 

Two of the Ranch Oasis wells have multiple water level measure- 
ments. From 1962 to 1968 the water level in well 12S/9E - 
22A2 fluctuated with a decrease in water level of 10 to 30 
feet. From 1953 to 1966, the water level in Well 12S/9E - 23D1 
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fluctuated with a decrease of 30 to 45 feet. One well in the 
west Mesa area, well 14S/10E - 25Gl shows a 14 ft decrease in 
water level from 1949 to 1960. 


Aquifer Recharge, Discharge and Storage 


In order to determine the amount of aquifer recharge and 
discharge a water budget analysis has been made; the methodo- 
logy has been discussed previously. In this analysis, the 
terms of the water budget are considered for average annual 
conditions. Therefore change in ground water storage should 
be equal to zero and aquifer recharge will equal aquifer dis- 
charge. 


As shown on Figure 5, the average annual precipitation 
over most of the study area is less than four inches and ranges 
from less than three inches to more than 16 inches over the 
San Felipe Creek drainage area. When precipitation shown on 
Figure 5 is multiplied by the drainage area, a mean annual 
volume of precipitation falling on the drainage area is deter- 
mined to be 675,000 acre-feet. 


As shown on Figure 6, the average annual actual evapo- 
transpiration in most of the study area is less than four 
inches and ranges from less than three inches to more than 
16 inches over the San Felipe Creek drainage area. When actual 
evapotranspiration shown on Figure 6 is multiplied by the 
drainage area, a mean annual volume of actual evapotranspiration 
from the drainage area is determined to be 635,000 acre-feet, 


When the actual evapotranspiration is subtracted from 
precipitation, a residual of 40,000 acre-feet remains. This 
residual is the amount of water in the budget available for 


surface flow and infiltration to the ground water. Forty 
thousand acre-feet equals 6% of the precipitation total of 
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675,000 acre-feet. This percentage is reasonable when com- 
pared ‘to previous studies in similar hydrogeologic and climatic 
Settings where differences between evapotranspiration and 
precipitation have been found to equal 5-15% of the precipi- 
tation. 


As shown on Figure 7, the mean annual surface runoff from 
the study area is less than 0.02 inch and ranges from less 
than 0.02 inch to more than 1 inch over the San Felipe Creek 
drainage area. When surface runoff shown on Figure 7 is 
Multiplied by the drainage area, a mean annual volume of run- 
off from the drainage area is determined to be 45,000 acre- 
feet. 


The calculated volume of runoff is nearly equal to the 
evapotranspiration-precipitation residual and it would appear 
at first glance that all of the available water goes to runoff 
with none remaining for infiltration to ground water. Hely 
and Peck (1964, p. Bll) state however, that the amount of runoff 
Shown on Figure 7 which is adapted from Plate 5 of their report 
is equal to locally derived direct runoff and does not neces- 
Sarily represent the amount of surface flow which reaches the 
major drainages in the alluvial basin. This is because no 
allowance was made for streamflow depletimm from the stream- 
courses at the permeable edges of the basin. 


The portion of the 40,000 acre-feet available for runoff 
plus infiltration can be determined by subtracting gaged 
runoff on San Felipe Creek from this total. Bradshaw and 
Donnan (1952, p.7) state that average annual runoff from 
San Felipe Creek equals 600-1000 acre-feet. From data provided 
by Werner and Olson (1970, p. 29) average annual runoff in San 
Felipe Creek gaged at Highway 86 from 1961 to 1967 equals 3250 


acre-feet, Using this figure as a more conservative estimate 
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about 37,000 acre-feet is available for infiltration to the ground 
water basin from the entire San Felipe Creek drainage area. 
Outflow from the basin to the Salton Sea can be calculated 
using Darcy's Law. The cross-sectional width is considered 
to be between the lacustrine sediment hills to the north and 
south on either side of San Felipe Creek. This distance is 
equal to about nine miles, or approximately 47,500 feet. To 
calculate outflow, the upper unconfined aquifer and the lower 
confined aquifer are both considered. From well tests of the 
US. Geological Survey wells LCRP19 and LCRP19A, the transmissivity 
of the upper aquifer is 37,000 gallons per day per foot and the 
transmissivity of the lower aquifer is 100,000 gallons per day 
per foot. The hydraulic gradient can be determined by the 
change in water level between the Ranch Oasis wells and Well 
LCRP19. The difference in water level is 60 feet over a 
distance of nine miles parallel to the axis of ground water 
flow. Since faulting may cross the San Felipe Creek flood- 
plain between the two wells, this gradient may be erroneous. 
As another estimate, the ground water gradient can be con- 
sidered to equal the land surface gradient between these 
wells, approximately 160 feet in nine miles. The average of 
these values, 110 feet in nine miles, was used in the cal- 


culation. The resulting flow is: 
Q (37,000gpd/ft) (110 Ft/47,500 ft)(47,500 ft) 


Q 


upper aquifer e 


vewentadainare 96200802 gpa/ft)(110 £t/47,500 £t)(47,500 ft) 


a 4,000,000 gpd (upper) + 11,000,000 gpd (lower) 
Q. otal = 15,000,000 gpd or 17,000 acre-feet per year 


Werner and Olson (1970, p.31), Loeltz et al (1975, p.K20) 
and System Development Corporation (1979, p.1I-72) all estimated 
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the outflow as 10,000 acre feet per year. Koebig and Koebig, 

Inc. (1970, p.20) estimated the outflow as 2240 acre-feet per 
year, but used a cross-sectional width of only five miles and 

a gradient of only four feet per mile to arrive at their cal- 

Culation. In addition, they did not consider outflow from the 
upper aquifer. 

Under average annual conditions with no change in ground 
water storage, outflow should equal recharge. As discussed, 
average annual outflow is estimated at 17,000 acre-feet and 
average annual recharge by infiltration is estimated at 37,000 
acre-feet. Considering that these values were derived in- 
dependently, the results are very close. A conservative 
estimate of average annual recharge to the ground water basin 
of the study area can be considered to be on the order of 
20,000 acre-feet. 

Some workers have considered that recharge to the lower 
San Felipe Creek drainage area is negligible (Koebig and Koebig, 
Inc., 1970, p.10) and (System Development Corporation, 1979, 
pel-14). We have conservatively estimated that the area 
receives 20,000 acre-feet per year of recharge. 

As stated previously, the amount of ground water in storage 
was determined by the specific yield method. The surface area 
of the ground water basin below Lower Borrego Valley, including 
West Mesa north of the ground water divide equals approximately 
170,000 acres or 270 square miles. In this area, wells exist 
which penetrate more than 1000 feet of alluvial sediments. 
Assuming alternating clay and sand layers are equally proportioned, 
approximately 500 feet of potential aquifer sand layers are 
present. When multiplied by the surface area, this results in 
85 million acre-feet of saturated aquifer volume. A reasonable 
value for specific yield for these aquifers is 10#(Todd, 1959, 
pe25). When the specific yield of 10% is multiplied by 85 mil- 
lion acre-feet of saturated aquifer volume, the estimated 


amount of ground water in storage equals 8.5 million acre-feet. 
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Estimates by other workers of ground water in storage in the 
study area range from four million acre-feet (System Develop- 
ment Corporation, 1979, pe1-19) to 120 million acre-feet 
(Dutcher and Hardt, 1972, p.46). 


SURFACE HYDROLOGY 
The discussion of the surface hydrology of the study 
area is based primarily on two on-site investigations of the 


San Sebastian Marsh area. 


Surface Water Flow Records 





The only suface flow gage in the study area is on San 
Felipe Creek where it crosses underneath Highway 86. Ina 
study by Bradshaw and Donnan (1952, p.7), the average annual 
surface runoff of San Felipe Creek was estimated as 600 to 
1000 acre-feet. The only published record of gaging on San 
Felipe Creek was in Werner and Olson (1970, p.29) which 
reports annual surface runoff from 1961 to 1967. The average 
of these totals is 3250 acre-feet per year but the range is 


great. The yearly totals are presented below: 





Year Surface Runoff - Acre-feet 
1961 1130 
1962 370 
1963 8700 
1964 100 
1965 830 
1966 | 2510 
1967 9080 


Areal Extent of Surface Water 


On-site reconnaissance of the San Sebastian Marsh wetland 
area were made on May 15-17, 1980 and August 18-19, 1980. The 
stream bottoms in the wetland area were examined and the presence 
of standing and flowing water was noted. The size of significant 
bodies of water was measured. The following description of the 
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FIGURE 12 
SURFACE WATER DISTRIBUTION 
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wetland area refers to specific sites shown on Figure 12, 

which are numbered generally upstream to downstream, west to 

east: 

Site 1 Harper's Well Wash - Standing surface water is 
Supported by flow from a well casing which extends about 
1z ft out of the stream bottom. During both visits, a 
body of water approximately 20 ft long and 1 ft wide was 
present downstream from the casing. In May, a 4 ft 
diameter pool had fish and tadpoles, but this had dried 
by August. In August, water from the well had a con- 
ductivity of 1800 mmhos/cm (approx. 1150 mg/1 TDS). Dark 
areas on air photos upstream and downstream from the well 
were checked. The stream bottoms had lush vegetation but 


no surface water. 


pavers Tributary west of Harper’s Well Wash - Dark areas on 
the air photos were checked and the stream bottoms were 


found to have lush vegetation but no surface water. 


Site 3 Carrizo Wash - During the May visit, two ponds at 
this site were the furthest upstream occurance of surface 
water. The upstream pond in May was 25 ft long, 6 ft wide 
and 8 in deep. One hundred feet downstream, the second pond 
measured 7 ft long 23 ft wide and 6 in deep. No animals 
were seen in either pond. During the May visit, about 
100 ft north (downstream) of the ponds, surface flow in 
Carrizo Wash began with a flow 1-2 feet wide. During the 
Augustvisit all of this area as dry. 


Site 4 Carrizo Wash - This large meander loop was a marshy 


area with standing and flowing water in May. During the 


August visit, the only surface water observed in Carrizo 
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Wash were pools of standing water in this meander loop. 


Sipew> Fish Creek Wash - During the May visit, two ponds 


at this site were the furthest upstream occurance of 
surface water in the wetland area. The upstream pond in 
May was 40 ft long, 5 ft wide and 6 in deep. About 150 ft 
downstream the second pond measured 15 ft long, 8 ft wide 
and 6-8 in deep. No animals were seen in either pond. 


Both of these ponds were dry during the August visit. 


Site 6 Fish Creek Wash - During the May visit, there was a 
pond at this site, 110 ft long, 3-4 ft wide and 1 ft deep. 
Fish and tadpoles were seen in the pond. During the August 
visit, this area was dry. 

Site 7 San Felipe Creek - San Felipe Creek was dry above 
the confluence with Fish Creek Wash during both visits. 

Site 8 San Felipe Creek - A large pond of standing water 


was present during both visits. During both visits, the 
pond was 200-250 ft long, 6 ft wide and 1-2 ft deep. The 
northeast 100 ft of the pond tapered from 6 ft wide to 

less than 1 ft wide at the northeast end of the pond. 

The northeast end was approximately 100 ft southwest of the 
confluence with Tarantula Wash. Fish and tadpoles were 
observed in all. the bodies of water downstream from this 


Bite aurine both visits. 


Site San Felipe Creek - During the May visit, a pond of 


Standing water was present at this site, 50 ft long, 5 ft 
wide and 8 in deep. The west end of the pond was approx- 
imately 300 ft northeast of the confluence with Tarantula 
Wash. This pond was dry during the August visit. 


Site 


10 San Felipe Creek - During both visits a pond was 
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present at this site. During the May visit it was 

200 ft long, 12 ft wide and 1 ft deep. During the May 
visit, this pond was the beginning of the flowing 
Surface water with a 1 ft wide flow beginning at the 
east end of the pond. During the August visit, this 
was a pnd of standing water, only 50 ft long, 5 ft 
wide and 6 in deep. 


Site 


cg San Felipe Creek - During both visits, a pond was 
present at this site. I+ was pear shaped, 200 ft long, 

50 ft wide at the west and tapering down to 15 ft wide 

at the east end and 3-4 ft deep. During the August visit, 
this pond was the beginning of flowing surface water. 
Between Sites 11 and 12, a marshy area of flowing water 
about 10-20 ft wide was present. In August, the water in 
the pond had a conductivity of 18,500 mmhos/cm (approx- 
imately 12,000 mg/l TDS). 


Site 


12 San Felipe Creek - Approximately 100 ft upstream 
from the confluence with Carrizo Wash was a cigar shaped 
pond tapering at both ends into swampy areas. The pond in 
August was 200 ft long, 15 ft wide and 1 ft deep. In May, 
the pond had been 20 ft wide and 1-2 ft deep. 


Site 13 San Felipe Creek - A constriction was present at this 


site, downstream from the pond at Site 12 and directly 
upstream from the confluence with Carrizo Wash. This 
constriction allowed measurement of surface flow. A water 
Sample in August had a conductivity of 14,000 mmhos/cm 
fpproximately 9000 mg/l TDS). 


Site 


14 Carrizo Wash - A constricted area at the mouth of 
Carrizo Wash allowed measurement of surface outflow during 


the May visit. There was no surface outflow during the 
August visit. 
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Site 15 San Felipe Creek - Immediately downstream from the 
confluence with Carrizo Wash was a kidney shaped pond, 
200-250 ft long, 10-20 ft wide and 1 ft deep. The pond 
was the same size during both visits but the depth during 
May was i-2 ft. A water sample in August had a conduc- 
tivity of 14,000 mmhos/cm (approximately 9000 mg/l TDS). 
From Site 15 to Site 17 the surface flow was approximately 
5 to 10 ft wide. 


Site 16 Tributary to San Felipe Creek - During the May visit, 
a small pond 200 ft upstream from the confluence with San 
Felipe Creek was fed by a spring with a small amount of 
flow. The pond was 50 ft-long. puring the August visit, 
this area was dry. 


site 17 San Felipe Creek - During both visits, a pond 100-125 
ft long, 20-40 ft wide and 1-2 ft deep was observed. 


Site’ 18 san Felipe Creek - During both visits, a small 1-14ft 
waterfall was observed upstream from two ponds. The upper 
pond was 150 ft long, 25 ft wide and 1 ft deep. The lower 
pond was 100 ft long, 15 ft wide and 6-8 in deep. From Sites 
17 to 19, the surface flow was about 10 ft wide. 


Site 19 San Felipe Creek - Near the confluence with Harper's 
Well Wash, the surface flow narrowed from 10 ft to 3-5 ft 
for a stretch of about 100-200 ft. During the August visit, 
the flow continued to decrease until it disappeared within 
500 ft downstream from this site. During the May visit, 


the surface widened to 5-10 ft and continued downstream 
DOs. bere. 


Site 20 San Felipe Creek - The surface flow during the May 


visit decreased from a 5-10 ft wide flow at this point, 


to a swampy area, and within 500 ft downstream from this 
site, no more surface water was observed. 
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A stated, the areal extent of standing and flowing surface 
water in the San Sebastian Marsh wetland area changed from 
May 15, 1980 to August 18, 1980. During the May visit, standing 
Surface water started at Site 5 and flowing water started at 
Site 10 and continued downstream to Site 20. During the same 
visit, flowing water was also observed from Site 3 to Site 14 
in Carrizo Wash. During the August visit, standing water 
started at Site 8; flowing water started at Site 11 and extended 
downstream to Site 19. No flowing surface water was observed 
in Carrizo Wash during the August visit; standing water was 
observed at Site 4. 


Measurements of Surface Water Flow 


It was hoped that flowing springs which provide surface 
water for the San Sebastian Marsh wetland area could be located 
and measured. The U.S. Geological Survey topographic map, 
Harper's Well Quadrangle (1956, 1:24,000) shows springs in 
San Felipe Creek (T12S/R10E - 32C), in Fish Creek Wash 
(T12S/R10E - 32B) and in Carrizo Wash (T12S/R10E - 33B). 

During field investigations, no identifiable springs were found. 
The surface water started as diffuse damp and wet area, then 
Standing bodies of water and finally flowing surface water, all 
as a gradual transition. The only observed surface water near 
the mapped springs was in Fish Creek Wash where ponds were 
found near the mapped spring during the May visit. 

It is possible that the surface water in San Sebastian 
Marsh is due to faulting through the confining ciay layer, 
which allows water from the lower, confined aquifer to move 
upwards and mix with the upper aquifer. This would result in 
a gradual appearance of surface water, whereas, faulting to 
the ground surface would tend to result in an identifiable spring. 
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Surface flow measurements were made on San Felipe Creek, 
directly upstream from the confluence with Carrizo Wash 
(Site 13, Figure 12). The flow was determined by measuring the 
velocity of flow through the constricted area and multiplying 
the result by the cross-sectional area of the constriction. 
During both the May and August visits the flow was determined 
to be approximately 0.2 cubic ft per second. Surface outflow 
from Carrizo Wash was also measured during the May visit. A 
weir was constructed and flow was measured through a known 
cross-sectional area. This flow was determined to be approx- 


imately 0.1 cubic ft per second. 


RECOMMENDATIONS 


IDENTIFICATION OF SUITABLE GROUND WATER MODELS 


The selection of a suitable ground water model involves 
the choice of the most appropriate approach; finite difference 
method or finite element method, the most appropriate grid 
network and the most apprpriate matrix solution technique. 

Modeis using the finite difference and finite element 
methods have been well documented by various workers 
(Trescott, 1975), (Trescott, Pinder and Larson, 1976) and 
(Mallory, 1979). Each study area requires modifications of 
the basic methods. Since the geohydrology of the San 
Sebastian Marsh area is not completely understood at this 
time, it would seem that a finite difference model would be 
the most appropriate to begin with. As stated previously, 
the finite difference method has a more straight forward 
theoretical basis and is easier to program than the finite 
element method. In the early stages of developing a model 
for this area, the first outputs will help to better under- 


stand aquifer behavior. This better understanding may 
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necessitate changes in the program. Therefore, the finite 
difference method should be more practical because of the 
easier programming. 

The choice of a grid network is more difficult. Basically, 
one must choose between a rectangular and a polygonal grid. 
The rectangular grid is easier to use and involves less data 
input due to the orientation of the grid axes parallel to the 
direction of ground water flow which is presumed to also be 
the direction of maximum transmissivity. The polygonal grid 
can be designed to better fit the shape of the basin shown on 
Figure 13. It allows more flexibility to make the nodes 
smaller in areas with a greater concentration of data and 
larger in areas with little or no data. Thus, a polygonal 
grid will most likely have fewer total nodes than a rec- 
tangular grid of the area. If a choice is to be made at this 
time, the polygonal grid would seem more practical due to the 
greater flexibility of nodal size. 

The choices of matrix solution technique are the direct 
method and the iterative method. Since the iterative method 
is more efficient in computer time and storage, it is the more 
practical method to use. The iterative method of solution 
has several variations, including the alternating direct 
implicit method, the strongly implicit procedure, line 
successive over-relaxation and point successive over-relaxation. 
All require an initial guess of the matrix solution and error 
criteria. The choice of variation is strongly problem dependent, 
as the major objective of each is to minimize the number of 
passes through the matrix before convergence within the error 
criteria is reached. The alternating direction implicit method 
is the most widely used and the best documented of these 


variations. 
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The boundary and boundary conditions must be specified. 
The most practical boundaries for the San Sebastian Marsh area 
are shown on Figure 13. These boundaries have been selected 
using the present geohydrological understanding of the area. 
For practical purposes, three types of boundary conditions 
Should be initially considered. No-flow conditions form most 
of the boundary. This type of condition implies an in- 
permeable boundary. The only true impermeable boundary is 
in the southwest, at the base of the Fish Creek Mountains, and 
other exposures of basement complex to the west and south at 
the base of Superstition Mountain. The northern boundary and 
the boundary to the east, along the base of the Superstition 
Hills have also been designated as no-flow boundaries. These 
areas are composed of older, tighter sediments. While they 
undoubtedly store and transmit water, the transmissivity of 
these sediments is probably negligible in comparison to the 
transmissivity of the sediments in the San Felipe Creek 
floodplain. As the model develops, it may indicate that these 
boundary conditions should be modified. The presumed ground 
water divides are to the west and south. These boundaries 
Should initially be considered constant-head boundaries. If 
extensive ground water development occurs close to these 
boundaries, this condition will have to be modified. To the 
east, the Salton Sea represents a constant-head boundary. 
Finally, two small areas where San Felipe Creek and Fish Creek 
enter the basin should be considered as constant-flux boundaries, 
Since inflow to the basin occurs at these two areas. 


IDENTIFICATION OF ADDITIONAL DATA REQUIREMENTS 


Additional data required for the study of the geo- 
hydrology of the San Sebastian Marsh area will consist of 


input for the ground water model, and data needed to better 
define the geohydrology of the area. 


i 





define the geohydrology of the area. Ideally, at least one 
observation well should be available for each node of the 
ground water model. The study area, at present, is devoid of 
any wells. 

Observation wells are also needed to better define the 
ground water movement and to provide water level data as 
input, and for verification of the model. Since well drilling 
is costly, a program of well drilling should be established 
to fill in the empty area over some period of time. The first 
drilling should be done in the marsh area. One well should be 
placed west of tne westernmost limit of surface water in the 
marsh and another well should be placed east of the confluence 
of Carrizo Wash and Fish Creek. These two locations are 
presumed to be on opposite sides of faulting through the 
marsh area. Other wells should be located south and south- 
west of the marsh area. Any wells drilled should have 
accurate lithologic logs. Downhole geophysical logs, at 
least resistivity and self potential should be run in each 
well. Consideration should be given to multiple completions 
of wells, with one completion above the clay layer and at 
least one completion below. The different zones should be 
test pumped to determine aquifer parameters. 

A yearly inventory of water levels in all available wells 
in the study area (Figure 8) should be made. This should be 
done in the late summer when water levels are most stable. If 
possible, an additional set should be obtained in the spring 
for comparison of seasonal differences. 

A stream gage on San Felipe Creek at Highway 86 should 
be reinstituted, so that surface outflow from the basin can 
be measured. 


Continued mapping of the distribution of surface water in 
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the San Sebastian Marsh should be done on a periodic schedule 

to document the base conditions in the marsh prior to any further 
ground water development. The flow in San Felipe Creek should 

be measured at the confluence with Carrizo Wash during on-site 
Visits. 

Other surface hydrologic data which will be needed to 
determine aquifer recharge will be precipitation measurements 
and stream flow measurements. Several gages placed through- 
out the study area, especially in the upper reaches would 
be used to relate stream flow measurements to changes in 
recharge. Gages should be placed where San Felipe Creek, 


Fish Creek Wash and Carrizo Wash enter the study area. 
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WELL NUMBERING SYSTEM 
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WELL=NUMBERING SYSTEM 


The well-numbering system in Imperial Valley has been used by the 
Geological Survey in California since 1940 and is in accordance with the 
Bureau of Land Management's system of land subdivision. The system has been 
adopted by the California Department of Water Resources, California Water 
Resources Control Board, and many local water districts. As shown by the 
example in the accompanying diagram, that part of the number preceding the 
slash, as in well number 115/13E-22H] S, indicates the township (T. 11 S.); 
the number following the slash indicates the range (R. 13 E.); the number 
following the hyphen indicates the section (sec. 22); the letter following the 
section number indicates the 40-acre (l6é-ha) subdivision (H) according to the 
lettered diagram below. The final digit is a serial number for wells in that 
40-acre (l6-ha) subdivision; it indicates the first well to be listed in the 
SE4NE4 sec. 22, T. 11 S., R. 13 E. The area covered by this'report lies east 
of the San Bernardino meridian and south of the San Bernardino base line. The 
letter S at the end of the well number indicates the San Bernardino base line 
and meridian designation. 
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WELL INFORMATION 
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LITHOLOGIC LOG 


Well Location 11S/7E-32Q1 


Well Name 


rom | To Material 
Fekanl EH 
oT a Se SR Se 
[6 | a2] Sana 

217 
267 
2/0 sand, coarse 


2¢0) 297 sand, fine, and clay 

300 Shale, red 

300 Gravel, 1/4 inch 

¥06 
418 | Gravel, 1/2 to 2 inch 

ied 
sand, Slopp 

















LITHOLOGIC LOG 





Well Name 


Depth-ft 
Material 


Ue re 
Lh cna 
120 219 sand, fine 

Cla Sandy and red 

240 | 260 | Sand 


atl 2 3 aa 
__ nll arn rrr 
Pee eee ee 


10 Sang ome 2 b1 ve 
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55 Sand, coarse, boulders 
Sand 


_pi TSS eae 


420 Sand, coarse, boulders 
420 Clay, Sandy and gray 





Well Location 11S/8E-33P1 
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LITHOLOGIC LOG 





Well Location 11S/10E-35N1 


Well Name 


Material 
Sand and sandstone 


[55 | 66| Clay 

166 | 90| Clay ana sand, alternating 0 
| 90 _| 2100 
Clay, and sand streaks 

Sand 

S27 














LITHOLOGIC LOG 


Well Location 12S/8E-4N2 


Well Name 


Depth-ft 
Material 


Sand and boulders 
Sand and clay 


Rocks, small and gravel 


Silt and clay 
Silt and rock 
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LITHOLOGIC LOG 


Well Location 12S/8E-6H1 


Well Name 


Depth-ft 
Material 


rom | To 

a 

| 60 | 95 | Clay, brown and sandy, boulders 

[95 [205 | Sand, fine, ight and packed 
[250 


Clay, light-brown and sandy, boulders 

Sand, loose and coarse with "birds eye" gravel 
Clay, light-gray with scattered boulders 
sand, fine and gravel 
Clay, light gra 
Clay, red 
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LITHOLOGIC LOG 


Well Location 12S/8E-6P1 


Well Name 













Material 


[0 | &0 | Graver, fine and boulders SSS 
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LITHOLOGIC LOG 


Well Location 12S/8E-8K2 


Well Name 


Depth-ft 
Material 
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LITHOLOGIC LOG 


Well Location 12S/8E-9H1 


Well Name 


Depth-ft 
TO Material 
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LITHOLOGIC LOG 


Well Location  12S/8E-932 


Well Name 


Depth-ft 
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LITHOLOGIC LOG 


Well Location 12S/8E-933 


Well Name 


Depth-it 
Material 
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LITHOLOGIC LOG 





Well Location 12S/8E-10N1 


Well Name 







Material 


Ue er Sand and gravel, dry 
Boulders, dry 


Sand and clay, dry 
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LITHOLOGIC LOG 





Well Location 12S/8E-15E1 


Well Name 


Depth-ft 
From | To Material 


_ i oe ae 
felis anaaeaa, ty 
Bete) Gay ad a 
| 80 | 90 
| 90_| 102 
15€ 
159 "Cement" 

190 | Graveh and sand 

1190 aoe Sand, packed, and mud 

"Quicksand" 


Sand, cemented 






















» pole * 
D : * ‘o 
aes | m q Le es ey 
Sp Seg NOS, Meee ae | ee 
heen ~~ ~ ae ver ee ahh oe 
, j 
il Ui ‘, ¢ i ?. 
grees Pa 
he +} bn 
aw ~~ - 8 = Ss ied ~ 
” 
. 
r matt 
t =~s aw “ - Loaves any ety fo iia pci ay la Alea te =F nd dnay three 
Boe 2% £ rey 
eS ff we idee \ hae Nip “ary 
es i. 7 * a ee. ee to ee ee ee 
3 wg S =, AF jae Shy eae 
: a VAR 2B Wh. Aes 
" &4 Oa eteh ithe lg che 1 wear leiid einai pied Fg ehges re ee Pee EE Mia jeter dete i sags — 
~“ © 
+ ee ee rip) 
jot Regs {i 
ee iF Le, os ) ete 
_ oo a te c on ee ‘ ee atm a ling Ce ee eo 
on? ot 
‘ae ae 1 
jess ba i te) 4 eee 
| - hie yoy pound IA sm “ oh enee ond : et ee a. ne neg Rag 2 aya antiaging 5 be el joe 
j + ‘ “ 
7 y ¥ i hs 7% 
. 4 
{ 4 pu iY hee 
? 
H - - “ i~ ~<a. —- + oe te ee el ¢ ower coe ehh hay aie 
4 Fy? él é 
7 hil 
“. oy som ~ oe —— —* + Ears, i ey <Doe ~y ad fnt 
' - ~ 
%. te ed 
aie an tater wkat? ee eo pray ew alates Z 
; Pee 
eige > ee te 
: t 
¥ , ay Bo 
PO ante ¢ — cine! whan am Aba £Neg hem te ‘ wwe= 6 pee 4 ots alegre we ee) = habe. 
J 
x ¢ & Pe 6 ye f as 
a Rh i they = 
~ _ * 7 en * oe Yoo a OE Se ee ee a 
' 
oe 
¥ a ' 
ye ia) - ~ — he we Ret Tn es pep — oy edie aatihas ta oo | wae ~ 
5 fa . 
’ rit re = Po ae el 
WY 44 le Ww a = ‘a 
buna a~-- - N + Ato Pe Sn ee Alacer appr DOr mm 
‘ 5 
- } +e a ” 
: © ere f » 
~ ane eh re oo . ene - - sem iy at ee Seren ee! ee er 
' 
;. b 
eT 
. Fu, ! 4 
! 1m oes - ame re ed ~ ee eee ee ee ee 


| i 

E < «ger, 

| ee 5 
ee ee 40ers be ensaprserd we ae o. eee a sc aap ndreeieie > ena) at ey Bho ends. 


2 oe et ht mT ‘ a f 5 ret 2%. 
NOSSO a RD TE TEN I TEN EE) A ree AEA poigies whe an RS 


5} Res 


a sea ch aS 8 


. Serre wheres we a o doe, ageeeetpniore a heel eathiep ahs 4h te 4a Ot Po + ial ak a - 
} Mai 
’ ie f 7 
. | EE SERBS afi Saba 
Ok + sual - De late he 6 MP. & > -~ -—— ere eee ee ee ee ve - 
' : ’ ’ 


a : visa 7 
f bsFppee aap enya 50 gener: Ince «Amr heats CN Sl ~ wemie sh—e gman hla «ns a ape ban tet DOE eee nae . igs 


Bat me Dine a ete he ppb ci ma pogenamdaa hs 00d te ee ett kh eine rm! See rr ee ee 
4 ' 


‘ . , ‘ 
\ + se ema FM ae rea tite es URS delaras decile taiaellie ad dcieia nd ks aie atten! bd) espa hlhdiaicne: constitiertne 0 = mskcrae amnieinc- Way eae cnr : 
| i yen erp na sey ase riemayet eat ine site mah mds <rInd tintin tee ame a a ene pA ip ae tee ee ga any Ripe ome 

; ee i 
‘ i ; ; 
jal el meee Signe pst greening i gfortran oat Washam 
+ of) 1 z r c : 











LITHOLOGIC LOG 


Well Location_12S/8E-15N1 


Well Name 


Depth-ft 
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LITHOLOGIC LOG 


Well Location 12S/8E-15x1 


Well Name 


Depth-ft 


From | To Material 
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LITHOLOGIC LOG 





Well Location 12S/8E-17X1 


Well Name 


Depth-ft 
From Material 
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LITHOLOGIC LOG 


Well Location 12S/8E-25xX1 


Well Name 


Depth-ft 
From To Material 
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LITHOLOGIC LOG 


Well Location 125/8E-2601 


Well Name 


Depth-ft 


rom Material 
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Shale, red and sticky 
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LITHOLOGIC LOG 


Well Location  12S/8E-27F1 


Well Name 


Depth-ft 


rom Material 
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LITHOLOGIC LOG 


Well Location 12S/9E-22A1 


Well Name 





Depth-ft 


From To Material 


poy a4 Clay, With streaks of fine sand 
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LITHOLOGIC LOG 


Depth-ft 





From 2b) Material 


| 0 | 123] fine sand 
123 | 303 
533 421 medium and coarse sand 
620 655 coarse sand and cla 
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689 19] medium sand 
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Clay, Sometimes streaked or mixed with medium sand 
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Well Location 12S/9E-22A2 
Well Name Ranch Oasis #1 
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LITHOLOGIC_ LOG 


Depth-ft 
rom VG Material 


pee ieee fine to medium and coarse sand with small streaks 
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254 | 399} medium to coarse sand with some gravel, some 


MIMO ewicico 

medium to coarse sand, some clay streaks 
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Well Name_Ranch Oasis #3 __ 
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Well Location 12S/9E-23D1 


Well Name 


Depth-ft 


‘rom Material 
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sand and gravel 
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Well Location 12S/9E-23D2 


Well Name Ranch Oasis #2 


Depth-ft 
From To Material 
coarse sand 
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Well Location_12S/9E-23E1 
Well Name Ranch Oasis #5 


Depth-ft 
rom Material 


@) “Sy fine to medium sand 
aes 


33 fine, medium and some coarse sand with clay streak 
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fae | eel clay with small streaks of sand 
Pe eee 


a Saas = coarse an eae ms clay a eee 


medium to coarse sand with clay streaks 


fine, medium and coarse sand and clay 
medium to coarse sand with clay streaks 


medium to coarse sand and clay 
740 medium to coarse sand with some gravel mixed 


977 1008 clay with streaks of medium to coarse sand 
1008 | 1130) medium to coarse sand with some gravel 
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LITHOLOGIC LOG 

















Material 
need aaa fine and medium with streaks of coarse sand 


326 | clay with streaks of coarse sand 
1326 | 388 | medium to coarse sand with streaks of cla 


Sik medium to coarse sand 


if 573 clay with streaks of medium to coarse sand 


clay with streaks of fine to medium sand 
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Clay and fine to medium and some coarse sand 





medium to coarse sand with streaks of clay 


20 | 759 | 
i759 | 790. medium to coarse sand 
20 | 880} clay 
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[1008| medium to coarse sand 


995 1008 medium to coarse sand 
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Well Location 12S/9E-25F1 


Well Name Ranch Oasis #6 


LITHOLOGIC LOG 





Well Location 12S/9E-26D 


Well Name_Ranch Oasis #4 _ 


Depth-ft 
From To Material 


374 
| 
428 

medium to coarse Sand with some grav and all 


clay streaks 


Clay with streaks of medium to coarse sand 


clay with small streaks of medium to coarse sand 


690 clay with streaks of fine to medium sand 
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Clay with fine sand, some medium sand 


790 830 | fine to medium sand with clay streaks 
830 894 fine to medium sand with some streaks of coarse 


Ssand_and cla | 
ine to medium sand with some tight coarse sand 
fine, medium and coarse sand with clay streaks 


clay with streaks of sand 
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LITHOLOGIC LOG 


Well Location 12S/11E-1831 


Well Name LCRP19 


Depth-ft 

To Material 
Clay, Silty, brown and fine sand 
Sand, coarse to very coarse 


Clay, silty, brown 
Sand, medium to very coarse, and very fine gravel 
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Silt, brown, and very fine sand 
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ee 
153 
192 
FAS 2 Sand, fine and brown silt 

Clay, silty, brown, and some fine to coarse sand 
Sand, medium to coarse 

289 Clay, Silty, brown and fine sand 

sand, partly cemented, fine to medium and brown 


ee Silty clay 


Sand, fine to very coarse, small amount of very 
| fine gravel 

4O5 Clay, silty, brown, and some gray clay 

470 Sand, fine to very coarse, layers of brown silt 


Se a a 
Sand, fine to very coarse, small amount of ver 
ake ine gravel 

Clay, silty, brown 


Sand, fine to coarse 
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LITHOLOGIC LOG 





Well Location 12S/11E-18J1 (Cont'd) 


Well Name _LORP19 


Depth-ft 


From To Material 


G66 [700] Clay, silty, tows and gray, and layers of median | 

Glee eae 
z 
75 [743 


743 sand, fine to coarse, and some clay 

768 Clay, gray-brown, silty, and small amount of 
oOlive-green cla 

Sand, fine and gray-brown clay 

B68 _| 879 

879 Sand, fine to coarse 

Clay, gray and brown, silt 
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C 924 sag, Linevto coarse cand’ silt 
Cla gray and brown, silty 
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LITHOLOGIC LOG 





Well Location 12S/11E-36K 


Well Name 


Depth-f+ 


rom | To 

[0 [75 | Send, surface, and olay SSCS 
Clay streaks, and sand 

187 
clay 


See, Geese 


19 206 Clay 
206 Clay, and medium sand streaks 


242 Sand, medium, and clay 
Sand, medium, and clay streaks 
295 


Sand, medium to coarse, and clay 
la 


Sand, fine, and pebbles; some clay streaks 
Clay 
Mix, fine to coarse 





LITHOLOGIC LOG 


Well Location 14S/11E-32R 


Well Name LCRPS8 


Depth-ft 
Material 


10 Sand, very fine to very coarse; some brown silt 


rom 


10 30 Sand, very coarse; and very fine subangular gravel 
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oO © 
= 

io) © 


Clay, brown, some gray; some silt and very fine sand 
Silt, light brown; very fine sand 

lay, brown; silt and very fine to fine sand, 
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and, very fine to very coarse, angular, some 
Subangular gravel 
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70 | Sand, very coarse to coarse, very fine to fine 


Subangular gravel 
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sand, fine, very fine and coarse} some brown clay 
Clay, brown, some gray; brown silty clay and sand 
220 230 Sand, very fine to coarse 

230 sand, fine, very fine, cemented; light brown silt 

| B55 Clay, brown, light brown silty clay; pieces of 
SS ee 
280 Clay, brown, sandy; few gray streaks; some silt 


and sand 





| 315 335 Sand, medium to very coarse; silt; very fine sand 
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Sand, very fine; some fine to very coarse; 
very light gray . 
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lay, Silty, gray; silt and very fine sand 
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and, very coarse; worn fragments of pelecvpods 
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and, coarse to very coarse, some very fine 


Subangular gravel 
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lay, brown, Silty; fine to very coarse sand 
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Well Location_14S/11E-32R_ (Cont'd) 


Well Name_LCRPS 


Depth-ft 










Material 


Gravel (50%) very fine to fine; very coarse sand; 
some silty clay 


Sand, fine to very coarse; small amount very 
a ae fine gravel 

Clay, silty, light-brown and gray; very fine to 
Sa coarse sand 

sand, very fine; some coarse; light-brown silty cldy 
Clay, silty, light-gray; light brown silt; very 
es a fine sand . 

Silt, light-brown; silty clay; few very fine sub- 
a a angular pebbles 
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675 Sand, very fine to coarse 

Clay, brown; fine sand and silt 

lois | oes | sand, very fine and fine, partly cemented 


Clay brown; silty clay; silt 













Sand, fine; some coarse and verv coarse: part 
cemented 
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Clay, brown and silty clay and silt 





Sand, fine to coarse; silt; some light-brown clg 


Sand, very coarse ome fine to coarse 
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WATER QUALITY ANALYSES 


11S/7E- 11S/7E- 11S/7E- 
LOCATION ht Bk 20P1 20P | 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WATER QUALITY ANALYSES 
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WELL NO. 12S/9E-22A2 


RANCH OASIS WELL NO. 1 


Summary of Schlumberger Electrical Well Log* (5-19-61) 
Resistivity-ohn-meters 


Depth-ft SP-Millivolts short Normal Lateral 
130-200' -13/+21 3a5 Dap 
200-300! -17/+28 3-16 2-16 
300-400' -23/+34 8-17 10-20 
. 400-500" -20/+37 opty, 

500-600! -18/+25 4-15 4-1 8 
600-700' -16/+27 6-15 10-18 


Serco: eKocbig=and Koebig,. inc. j562970, p.8 
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summary of Schlumberger Electrical Well Log * 


Depth-ft 
130-200' 
200-300' 
. 300-400' 
400-500' 
500-600! 
600-700' 
700-800 
800-900' 
900-1000' 
1000-1100" 
1100-1200' 
1200-1 300' 


* From: Koebig and Koebig, Inc., 1970, p.8-9 


WELL NO. 12S/9E-22A3 
RANCH OASIS WELL NO. 3 


SP-Millivolts 


-10/+6 
-15/+4 
-19/-10 
-17/-2 
-23/-12 
-22/-8 
-8/+6 
-6/+2 
-12/+3 
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2-12 
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FIGURE & 


WELL LOCATIONS 
LOWER SAN FELIPE CREEK DRAINAGE AREA 
IMPERIAL AND SAN DIEGO COUNTIES, CALIFORNIA 
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FIGURE 11 


WATER LEVEL CONTOUR MAP 
LOWER SAN FELIPE CREEK DRAINAGE AREA \ 
IMPERIAL AND SAN DIEGO COUNTIES, CALIFORNIA 
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FIGURE 11 


WATER LEVEL CONTOUR MAP 
LOWER SAN FELIPE CREEK DRAINAGE AREA 
IMPERIAL AND SAN DIEGO COUNTIES, CALIFORNIA 


N 
| 


Scale 1:125,00C 


® Well Location 
o 


x 
LEE Line of Equal Water Level Elevation 
6 

4 


a Ground Water Flow Line 


a Geothermal Surveys,Inc. edt, eet td : CMRRY 

eepimr lnm Wha a Ae a im g 

Pip : omen oe, : PY Yi ize: © 
vs 2 25 DRS 


Ay 





bo ee ET oe 











ee 5 ’ , oo 
ooh 
; << Ve 


FIGURE 13 


MODEL BOUNDARIES 
LOWER SAN FELIPE CREEK 
GROUND WATER BASIN 
IMPERIAL AND SAN DIEGO COUNTIES, CALIFORNIA 
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FIGURE Sic 


MODEL BOUNDARIES 
LOWER SAN FELIPE CREEK 
GROUND WATER BASIN 
IMPERIAL AND SAN DIEGO COUNTIES, CALIFORNIA 
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